A novel aerobic soil actinobacterium (strain MB10 T ) belonging to the genus Microbacterium was isolated from rice field soil samples collected from Jagatpur, Orissa, India. Cells were Gram-stain positive, short rod-shaped and motile. The strain was oxidase-negative and catalase-positive. Heterotrophic growth was observed at pH 5.0-11.0 and at 16-37 6C; optimum growth was observed at 28 6C and pH 7.0-9.0. The DNA G+C content was 71.6 mol%. Predominant cellular fatty acids of strain MB10
T , the nearest phylogenetic relative. On the basis of phenotypic and chemotaxonomic properties, 16S rRNA gene sequence analysis and DNA-DNA reassociation studies, it is proposed that strain MB10
T represents a novel species of the genus Microbacterium, for which the name Microbacterium oryzae sp. nov. is proposed; the type strain is MB10 T (5JCM 16837 T 5DSM 23396 T ).
Orla-Jensen (1919) first described the genus Microbacterium and its description was amended by Collins et al. (1983) . Takeuchi & Hatano (1998a) , further uniting the genera Microbacterium and Aureobacterium as a single genus Microbacterium based on their phylogenetic relatedness revealed by 16S rRNA analysis. Microbacterium is abundant in various environments including soil, insects, marine environments, human clinical specimens, plants, dairy products and sewage sludge compost (Takeuchi & Hatano, 1998b; Rivas et al., 2004; Lee et al., 2006; Park et al., 2006; Shivaji et al., 2007; Vaz-Moreira et al., 2008; Bakir et al., 2008; Schumann et al., 2009; Kämpfer et al., 2012; Anand et al., 2012; Yu et al., 2013) . It has also been found in the phyllospheres of sugar beet and spring wheat and as endophytes in cotton (Thompson et al., 1993; Legard et al., 1994; McInroy & Kloepper, 1995) .
Here, we describe the phenotypic and genotypic properties of a novel strain of a species of the genus Microbacterium, strain MB10 T , isolated from a rice field soil.
Soil samples were collected from rice field at Jagatpur, Orissa, India in sterile containers and transported to the laboratory. A 2 g sample of collected soil was inoculated aseptically to a 250 ml conical flask containing 50 ml nutrient broth (Difco) and the resulting preparations were incubated on a shaker (ISF-1V; Adolf Kuhner) at 28 u C and 200 r.p.m. After 2 days of incubation, the content of the flasks were serially diluted and plated onto nutrient agar medium and incubated at 28 u C for 2 days. Among the colonies appeared a bright yellow colony, designated strain MB10 T , which was selected for further characterization. For short-term preservation, the culture was streaked on nutrient agar and stored at 4 u C. For long-term preservation, the culture was stored at 286 u C in 15 % (v/v) glycerol.
Colonies of strain MB10
T grown on nutrient agar were circular, 0.5-1.0 mm in diameter and smooth. Single colonies appeared within 2 days at 28 u C. Gram staining was carried out using a commercial kit (Hi-Media) according to the manufacturer's instructions. Cell morphology was examined by using transmission electron microscopy (model 268D; FEI Morgagni). The presence of flagella was determined by using cells that were placed onto a carbon-coated grid and negatively stained with 2.0 % phosphotungstic acid (Jyoti et al., 2010) . The cells occurred mostly singly and were short rod-shaped 0.26-0.28 mm wide and 0.42-0.44 mm long and motile by a single polar flagellum (Fig. 1) . Strain MB10
T is a Gram-positive, aerobic bacterium. The pH range for growth was examined in nutrient broth prepared in buffered solutions in the range 4.5-12.5 in steps of 0.5 pH units at 28 u C for 3 days. Similarly, temperatures in the range 15-40 u C were tested for growth in nutrient broth at pH 7.5 for 3 days. The NaCl range for growth of the organisms was examined in nutrient broth containing 0.5-7.0 % (w/v) NaCl at 28 uC for 3 days. Growth occurred at 16-37 u C and pH 5.0-11.0. Optimum growth was observed at 28 u C and pH 7.0-9.0. Strain MB10
T was able to grow in the presence of 0-6.0 % (w/v) NaCl but not in the presence of 7 % NaCl.
Oxidase activity was assayed with discs impregnated with dimethyl p-phenylenediamine (Hi-Media). Catalase activity was assayed by mixing a pellet of a freshly centrifuged culture with a drop of hydrogen peroxide (10 %, v/v). Production of fluorescent pigment was tested by growing the cultures on King's A and King's B media. Enzymic and biochemical tests were studied by using the Biolog GP2 and Hi25 identification kit (Hi-Media) according to the manufacturer's instructions. Utilization of formate, acetate, malate, succinate, oxalate, fumarate, DL-lactate, propionate and hippurate as sole carbon sources was tested at 28 u C for 10 days in mineral liquid medium described by Miller (1977) . Anaerobic growth was determined with the BD GasPak EZ system (Becton, Dickinson and Company). Phenotypic properties of strain MB10
T are given in the species description and characteristics that differentiate strain MB10
T from closely related species of the genus Microbacterium showing 16S rRNA gene sequence similarity of more than 96.5 % are given in Table 1 .
Antibiotic resistance of strain MB10
T was determined on nutrient agar medium supplemented with different antibiotics. Strain MB10
T was resistant to kanamycin (50 mg ml
21
) and nalidixic acid (20 mg ml
), but was susceptible to streptomycin (50 mg ml For estimation of DNA G+C content, DNA was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The obtained nucleoside mixture was then separated by HPLC (Shimadzu) using an analytical column (Vydac 201 SP54, C18, 5 mm; 25064.6 mm) equipped with a guard column (201 GD54H; Vydac). The operating conditions were as follows: 45 u C, 10 ml sample, 0.3 M (NH 4 )H 2 PO 4 /acetonitrile, 40 : 1 (v/v), pH 4.4, as solvent and flow rate of 1.3 ml min
, as described by Tamaoka & Komagata (1984) . Non-methylated lambda phage DNA (Sigma) was used as the calibration reference. The G+C content of the genomic DNA of strain MB10
T was 71.6 mol%, a value that is close to those of other members of the genus Microbacterium.
Cellular fatty acids were analysed from cells grown on trypticase soy agar (Difco) plates at 28 u C for 3 days. Cells were saponified and trans methylated as described by Kuykendall et al. (1988) . Fatty acid methyl esters mixtures were separated by using Sherlock Microbial identification system (MIDI, Microbial ID) which consisted of an Agilent model 6890 N gas chromatograph. Major cellular fatty acids of strain MB10
T were iso-C 14 : 0 (1.05 %), anteiso-C 15 : 0 (66.35 %), C 16 : 0 (1.94 %), iso-C 16 : 0 (9.14 %) and anteiso-C 17 : 0 (18.27 %). As shown in Table 2 , fatty acid compositions were almost identical to those of the other members of the genus Microbacterium examined, although strain MB10
T differed slightly by having a higher proportion of anteiso-C 15 : 0 (66.35 %) and lower proportions of iso-C 15 : 0 (0.38 %), iso-C 16 : 0 (9.14 %), iso-C 17 : 0 (0.12 %).
For the analysis of quinones, lipids, cell wall sugars, diamino acids and peptidoglycan, cells were grown in nutrient broth to mid-exponential phase on a rotary shaker at 28 u C. Analysis of respiratory quinones and polar lipids were carried out by the identification service, Deutsche Sammlung von. Mikroorganismen und Zellkulturen (DSMZ; Braunschweig. Germany) (Tindall, 1990a, b; Tindall et al. 2007 ). The major isoprenoid quinones detected were MK-9 (10 %), MK-10 (43 %) and MK-11 (36 %). Polar lipids of strain MB10
T included diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phospholipid (PL) and unknown glycolipids (GL) (Fig. 2) .
Peptidoglycan structure was determined by the method of Schumann (2011) . The total hydrolysate (with 4 M HCl at 100 u C for 16 h) of the peptidoglycan contained the amino acids ornithine (Orn), alanine, glycine, glutamic acid and homoserine (Hsr) in molar ratio of approximately 1.0 : 0.8 : 1.7 : 1.0 : 0.5, respectively. Neither diaminopimelic acid nor 3-hydroxyglutamic acid were detected. The identity of the amino acids was detected by GC-MS. The partial hydrolysates (with 4 M HCl at 100 u C for 0.75h) of the peptidoglycan contained the peptides OrnAD-Ala, GlyAOrn, GlyAOrnAD-Ala and GlyAGlu. These data support the view that strain MB10
T represents the peptidoglycan type B2b. For analysis of the cell wall sugars, the peptidoglycan preparation was hydrolysed in 0.5 M H 2 SO 4 at 100 u C for 2 h. H 2 SO 4 was removed by 20 % N,N-dioctylmethylamine in chloroform and the sugars in the hydrolysate were analysed by TLC on cellulose plates 0.2 mm according to the method of Schumann (2011) . Strain MB10 T contains cell wall sugars galactose, glucose and rhamnose. The chemotaxonomic characteristics of strain MB10
T are summarized in Table 3 .
For 16S rRNA gene sequence analysis, DNA was isolated according to the standard protocol (Sambrook & Russell, 2001 ). The 16S rRNA gene was amplified by the method described previously by Panday et al. (2011) . PCR products were purified using QIAQuick Gel Extraction kit and sequenced using a CEQ Dye terminator cycle sequencing kit in a model CEQ 8000 automated DNA sequencer (Panday & Das, 2010) . The nucleotide sequences obtained were assembled using the sequence alignment editor program BioEdit (http://www.mbio.ncsu.edu/BioEdit/ bioedit.html). The 16S rRNA gene sequence obtained was compared with those in GenBank after BLAST searches (Altschul et al., 1997) and using the EzTaxon server (Kim et al., 2012) . The 16S rRNA-based phylogenetic tree was constructed according to the Kimura two-parameter model (Kimura, 1980) using the MEGA 4 (Tamura et al., 2007) software package (The Biodesign Institute). The statistical significance of branch points was calculated by 1000 bootstrap resamplings of the data (Felsenstein, 1985) . Altogether, 1419 nt of 16S rRNA were sequenced from strain MB10 T and compared with those of closely related strains retrieved from the GenBank database. Strain MB10 T showed 99.2 % 16S rRNA gene sequence similarity with Microbacterium barkeri DSM 20145 T and less than 97 % similarity with other species of the genus Microbacterium with validly published names. In the phylogenetic tree, strain MB10
T clustered with Microbacterium barkeri DSM 20145 T (Fig. 3) .
DNA-DNA hybridization is considered to be a standard method for defining bacterial species (Wayne et al., 1987 T showing 16S rRNA sequence similarity (more than 96.5 %). DNA from Escherichia coli strain HB101 was taken as an unrelated negative control. DNA (1 mg) from each strain was transferred onto a positively charged nylon membrane (Hybond-N+; Amersham) by using a dot-blot apparatus (Bio-Rad). The membrane was air-dried, crosslinked and the DNA probe for each strain was labelled with [a-32 P]-CTP (BRIT) by using a NEBlot-kit (New England Biolabs). Hybridization was performed overnight at 65 uC following the method of Ezaki et al. (1989) . Prior to autoradiography, the blot was washed twice, each time with 26 SSC containing 0.1 % SDS for 20 min, after which an identical treatment with 0.26 SSC and 0.1 % SDS was performed at 65 u C. Experiments were performed in triplicate with DNA from the type strains of T . However, no hybridization signal was observed with the E. coli DNA used as a negative control. Therefore, given the recommended DNA-DNA relatedness cut-off point for species delineation of 70 % (Wayne et al., 1987) , strain MB10
T should be regarded as a novel species of the genus Microbacterium.
SDS-PAGE was performed by using the method of Laemmli (1970) with minor modifications. Strain MB10 T and the reference strains used in this study were grown in nutrient broth (Difco) at 28 u C overnight. Protein samples were prepared by heating 50 mg (wet weight) of cells at 100 u C for 2.0 min in 1.0 ml sample treatment buffer (Laemmli, 1970) . The resulting extracts were centrifuged at 11 000 g for 15 min. Electropherograms were developed in a Protean II xi vertical electrophoresis cell (Bio-Rad) at 8 mA and 10 u C for 12 h. The protein banding pattern was visualized by staining with 0.25 % Coomassie brilliant blue R-250 in 50 % (v/v) methanol and 10 % acetic acid. Protein patterns were grouped by using the Fingerprinting II software package v. 3.0 (Bio-Rad) developed by Applied Maths, under normalized densitometry. Levels of similarity between the strains were calculated by using the Dice coefficient, and a UPGMA dendrogram was constructed as described by Vauterin & Vauterin (1992) . Based on this dendrogram, the level of protein similarity between strain MB10
T with Microbacterium barkeri DSM 20145 T , M. arabinogalactanolyticum LMG 16469 T , M. esteraromaticum LMG 4020
T and M. indicum LMG 23459 T was less than 70 % (Fig. 4) . Thus, SDS-PAGE analysis also suggested that strain MB10
T should be regarded as representing a novel species of the genus Microbacterium.
Description of Microbacterium oryzae sp. nov.
Microbacterium oryzae (o.ry9zae. L. gen. n. oryzae of rice, isolated from rice field). anteiso-C 15 : 0 (66.35 %), C 16 : 0 (1.94 %), iso-C 16 : 0 (9.14 %) and anteiso-C 17 : 0 (18.27 %). Cell wall sugars are galactose, glucose and rhamnose. The isoprenoid quinones detected were MK-9, MK-10 and MK-11. The peptidoglycan contained the amino acids ornithine, alanine, glycine, glutamic acid and homoserine and represents the peptidoglycan type B2b. Polar lipids of strain MB10 T included diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phospholipid (PL) and unknown glycolipids (GL).
The type strain, MB10
T (5JCM 16837 T 5DSM 23396 T ) was isolated from a rice field. The DNA G+C content of the type strain is 71.6 mol%. T and the type strains of related species of the genus Microbacterium.
